Abstract
To elucidate the C + implantation effect on deuterium retention in tungsten, simultaneous C + and D 2 + implantation was performed on tungsten. Deuterium desorption behavior for simultaneously implanted tungsten was compared with that the sequentially implanted tungsten. It was found that deuterium retention for the simultaneous case was lower than that for the sequential one, indicating that the sputtering of carbon and deuterium trapped by carbon would prevent the deuterium 
Introduction
Plasma facing materials are one key boundary in maintaining high purity D-T plasma and their selections are quite important. Recently, the combination of several different materials as plasma facing materials for the first wall, divertor and baffles was deemed to be one of the best solution [1] [2] [3] . As a result, mixed materials or plasma-created materials will form on the surface of the original while simultaneously hydrogen isotopes, including tritium, will be implanted into the mixed materials.
The tungsten-carbon system is widely studied [3] [4] [5] [6] [7] [8] [9] [10] . Many of these reports relate the formation of carbon layers or carbides with the implantation of carbon ions. Data derived from as-received virgin materials are usually used for design activities, but these data may be quite different from the actual mixed layers formed under fusion conditions. In particular, comparison of deuterium retention is clearly dependent on the conditions of carbon implantation. Deuterium retentions in tungsten and tungsten carbide indicate that carbon ion pre-implantation decreases the D recombination coefficient and consequently increases the amount of retained deuterium [6, 8, 9] . It was also shown that deuterium retentions in W-C mixed materials were much lower than expected from the assumption that the W-C mixed material consists of tungsten and graphite precipitators [5] . These reports are based on carbon pre-implanted tungsten where mixed layers have been formed prior to deuterium implantation. However, in a fusion environment, simultaneous implantations of carbon and deuterium ions occur dynamically involving continuous deuterium and carbon recycling processes. A previous report focused on tungsten sputtering and not deuterium retention under simultaneous carbon and deuterium ion implantation, [11] .
These facts motivate us to investigate deuterium trapping in tungsten under simultaneous carbon and deuterium ion implantation to understand the trapping mechanisms and determine the role of carbon on deuterium retention. Therefore, an experimental simultaneous carbon and deuterium ion implantation system was developed at Shizuoka University and applied in this study.
Experimental
Disk-type samples with 10 mm diameter and 0.5 mm thickness were prepared from a rod of tungsten under stress-relieved conditions supplied by Allied Tungsten Co. Ltd..
The samples were polished mechanically and pre-heated at 1173 K for 10 minutes in vacuum to remove the surface impurities and damages induced by the polishing process.
The simultaneous carbon ion (C + ) and deuterium ion (D 2 + ) implantation system combined with a TDS (thermal desorption spectroscopy) system was designed and established at Shizuoka University. The sample can be easily transferred from the ion implantation chamber to the TDS chamber via a sample introduction chamber without air exposure. CO 2 was used as the C + source gas to exclude hydrogen impurities. The E×Β mass separator was equipped at the head of the C + gun and the oxygen impurity was completely evacuated by a turbo molecular pump. The C + and D + ion was implanted using different ion guns equipped in the implantation chamber and incident angles for both ion guns were 15 degree to the surface normal. The implantation area was set to be 4 mm × 4 mm. The C + acceleration energy was controlled between 0.5 -10 keV and the maximum ion flux was 2 ×10 18 C + m -2 s -1 , which was estimated by a faraday cup. A ceramic heater was equipped with the sample holder to heat the samples up to 1300 K.
In the present study, to elucidate the interaction mechanism of C with D in tungsten,
it is important to keep the same implantation depths of C + with D 2 + . SRIM [12] calculation results indicated that the implantation depth of 3 keV D 2 + was almost the same as that of 10 keV C + ; corresponding to an implantation depth of ~11 nm.
Therefore, the ion energies of C + and D 2 + were set to be 10 keV and 3 keV, respectively.
At first, to evaluate the implantation sequence effect, two different implantation procedures, namely sequential and simultaneous implantations, were performed. In the sequential implantation, 10 keV C + implantation was performed initially with a flux of Following the ion implantations, the chemical states of W and C were evaluated by XPS (ESCA1600 system, ULVAC-PHI Inc.) using an Al-kα X-ray source (1486.6 eV) and a hemispherical electron analyzer [9, 10] . The analyzed area was set to be 720 μm × 720 μm and measurement was done in the center of the implanted area . To evaluate D desorption and retention behaviors, TDS was performed at a heating rate of 0.5 K s -1 up to 1300 K using a quadruple mass spectrometer. Our further studies will reveal the more detailed role of carbon on deuterium trapping in tungsten, especially at lower C + /D + ratios.
Results and discussion

Conclusion
To elucidate the C + implantation effect on deuterium retention in tungsten, a Experimental results for pure tungsten and tungsten carbide are also shown. Fig. 2 The C 1s XPS spectra for C + only, sequentially and simultaneously implanted tungsten. The C-W and C-C bonds were located at 282.7 eV and 284.6 eV, respectively. 
